ABSTRACT
INTRODUCTION
Cotton production is facing many constraints in form of weeds, pests and pathogens and climate change (Oerke, 2006; Gwimbi and Mundoga, 2010) . The slow growth rate of cotton at earlier stages, poor canopy cover, long growth duration and wider row spaces make the conditions very convenient for weeds to flourish and cotton suffers from many weeds flushes during growth period (Madavi et al., 2017) . A cotton weed flora contains fourteen, five and one species of broad leave, grasses and sedges, respectively (Balasubramanian 1992) . Poor fiber quality, low nutrient use efficiency, host for pathogens and insects are weed associated problems in addition to low yield due to presence of weeds (Nalini et al., 2015; Dimitrova and Gueorgieva, 1997; Zhang et al., 2014) . However, the mode of yield losses due toweeds are different from insects and diseases. It has been estimated that worldwide potential yield losses in cotton due to insects, weeds and viruses are 37%, 34% and 11%, respectively (Oerke and Dehne 2004) . Weeds interfere with growth activity of cotton and decreased the yield by more than 30% (Iqbal and Cheema, 2008, Jabran, 2016) . However, the yield losses from grass weeds (15-40%) are more than that of broad leaves weeds 15-30%) (Khan and Khan, 2003) . Besides the first 15-60 days of planting is the most critical period for weeds control (Salgado et al. 2002 , Ayyadurai et al. 2011 . Therefore, for a sustainable cotton production, weed control approaches are needed to integrate for affective weed management.
Cotton cultivated in rows, that allow the practicing the mechanical weed control.
However, mechanical weed control has many constrains like insufficient weed control and crop damage at later growth stages. Therefore the growers require some alternative weed management methods in cotton (Rajeswari et al., 1996) .
The herbicide use has become very popular among the farming communities because of its low cost and timely weed control (Zhang and Huang 1999) .
The weeds growth and development in cotton is mostly impeded by application of herbicides from various functional group, mode and time of application. A long range of broad spectrum effective, selective and inexpensive herbicides is being applied but the comparative efficacy varies for weed type (Cheema et al., 1988) .
The soil application of preemergence herbicides was very effective for weed control up to first 30 days of planting (Nalayini and Kandasamy, 2001) . However the application must be supplemented with post-emergence herbicides to extend the duration in later growth stages (Dadari and Kuchinda, 2004) . Since the most of post-emergence herbicides are non-selective and can make injury to crop on direct contact, the study was conducted to evaluate the comparative performance of pre-and post-emergence herbicides for weeds control in cotton.
MATERIALS AND METHODS
The (T 7 ) and paraquat dichloride at 500 g a.i ha -1 (T 8 ). The first four herbicides (T 2 -T 5 ) were pre-emergence and last three (T 6 -T 8 ) were designated as post-emergence. The treatments were compared in Randomized Complete Block Design (RCBD) with three replications. The land was previously occupied by wheat crop and prepared with deep ploughing followed by normal cultivation practices for bed furrow planting system. The pre-and postemergence herbicides were sprayed with hand knapsack sprayer on moist beds soon within 24 hours after planting and 30 days after planting, respectively. The shield nozzle was used for postemergence non-selective herbicides including glyphosate and paraquat dichloride to avoid the crop injury. The sprayer was calibrated to deliver 250 liter per hectare solution at (Mention speed or rate). The transgenic cotton cultivar Cyto-178 was manually dibbled during 3 rd week of May, 2015. The rows were 75 cm apart, seed rate was 20 kg ha -1 and 25 cm plant to plant distance was maintained. The weak and diseased plants were uprooted 30 days after planting to maintain distance within the plants. The crop was fertilized with 150 and 60 kg ha -1 nitrogen and phosphorus from urea (46% N) and triple super phosphate (46% P 2 O 5 ). All the phosphorus and one third of urea was surface broadcasted and mixed in soil before bed formation. The remaining nitrogen was applied through fertilization at bud appearance and peak bloom stage. Uniform agronomic and plant protection measures were carried out as needed. The weeds were left un-controlled in weedy check throughout growing period of cotton.
The weed biomass and weed control efficiency (%) was recorded at 30 DAP for grass weeds and at 60 DAP for both grass and broad leaves weeds. The separate fresh and dry weight of grass and broad leaves weeds falling in quadrat was recorded from four random samples (1/4 th m 2 ) by harvesting weeds at ground level. The weeds were weighted and shifted to electric oven at 72C for 48 hours. After sampling period (60 DAP), all the plots were kept weeds free using manual and mechanical weed control means. The weed control efficiency (WCE) and weed index (WI) was recorded using following equations.
Where, DWC and DWT represent the dry weight of weeds in control and treated plots, respectively.
= −
Where X is treatment with highest seed cotton yield and Y is treatment for which WI is being computed. The average plant height (cm) and number of bolls per plant was recorded by selecting ten plants randomly at the maturity. The boll weight (g) was average of 100 bolls from each plot. The seed cotton was manually picked from each plot, weighed and converted on hectare basis. Analysis of variance was run and means were separated by employing Least Significant Difference Test (LSD) at 5% level of probability. The statistical work was done using the computer based statistical package Statistix 8.1 following procedure as described by Steel et al. (1997) .
RESULTS AND DISCUSSION
The significant variations among pre-emergence herbicides for weeds dry biomass at 30 DAP was registered ( Table-1 ). The minimum dry biomass of both grass and broad leaves weeds was recorded in plots treated with Smetolachlor that was followed by pendimethalin. The lower dry matter of weeds in S-metolachlor treatment indicate its ability to depress weeds. The mixture of pendimethalin with Metolachlor and SMetolachlor did not provide higher weed control than its separate application. The weed biomass differences were actually produced by variations in herbicidal activity physiological and growth processes (Nadeem et al. 2013) . The highest weed control efficiency of 71.6% and 78.1% was recorded from Smetolachlor for broad and grass leave weeds. The higher weed control with Smetolachlor among pre-emergence herbicides has already been confirmed by Jarwar et al. (2005) and Ali et al. (2016) .
All the post-emergence herbicides, except haloxyfop-P-methyl gave higher weed control efficiency at 60 DAP than pre-emergence herbicides. The minimum weeds biomass was recorded from post emergence application of glyphosate. Furthermore, the pendimethalin and Smetolachlor weed control performance was even better than post emergence application of haloxyfop P-methyl.
Because, data on weed control for preemergence herbicides was recorded two times i.e 30 and 60 DAP, therefore it was important to compare the herbicides performance on these observation dates. Pendimethalin and S-metolachlor had higher weed control on grass weeds at 30 days which was decreased by 25.6% and 17.4%, respectively at 60 DAP. Whereas, the broad leaves weed control efficiency of pendimethalin and S-metolachlor was only decreased by 3.83% and 4.45%, respectively, at 60 DAP ( Table-1 
and 2).
The highest weeds control efficiency from post-emergence herbicides at 60 DAP was achieved with glyphosate, and followed by paraquat dichloride. The non-selective herbicides dried all plant materials on the soil surface, the dried material probably acted as mulches to prevent the new weeds emergence. The data on weed control efficiency at 60 DAP also showed that broad leave weeds are relatively more susceptible to both types (pre and post-emergence) herbicides than grass weeds (Table-2 ). Our results are based upon interception and retention of herbicide solution on foliage. The grass weeds intercept and retain less herbicide on vegetative parts, growing tips and have encased shoot apex (coleoptile) to protect from herbicidal effects. In contrast, the more leaf surface area is exposed to herbicides and relatively higher weeds control was recorded due to better interception and retention. However, Ali et al. (2005) reported that pre-emergence are more effective against grassy and broad leave weeds are more controlled from post-emergence.
The highest weed index (30.9) was recorded for S-metolachlor+ pendimethalin followed by metolachlor+ pendimethalin (28.9). Whereas the lowest weed index (4.66) was associated from pendimethalin which showed that minimum yield reduction was registered from pendimethalin treated plots. The significant differences among postemergence herbicides were a possible result of active ingredients of the herbicides that related to the susceptibility of target weeds in the experiment.
The data pertaining to yield, yield components and increase (%) over control revealed significant variations among various herbicides (Table-3 ). Even though post emergence herbicides reduced the weed biomass, none of the herbicides exceeded pre-emergence application of Smetolachlor for yield. It was observed that maximum number of bolls (22.1), boll weight (3.02 g), seed cotton yield (2099 kg ha -1 ) and yield increase (58.1%) in Smetolachlor treated plots and it was followed by pendimethalin. It showed the close association between yield and weed control efficiency of various herbicides. The differences in S-metolachlor and pendimethalin was statistically nonsignificant for seed cotton yield. The minimum seed cotton yield (1328 kg ha -1 ) was obtained from weedy check. Among two groups, the pre-emergence herbicides produced higher yield in relevance to post emergence. It showed that delay in herbicides application during initial crop growth period might be the result of irreversible damage to crop from weeds. The glyphosate and paraquat dichloride produced statistically similar seed cotton yield. The higher yield increase in preemergence herbicides over postemergence herbicides are confirmed by Ali et al. (2005) and Shaikh et al. (2016) . Higher yield is actually the outcome of existence of initial favorable growth which improved the yield attributes through vigorous growth and development of crop. The yield increases in herbicides treated plots over control is due to reduction in weeds infestation in various weed control practices and has been confirmed by Tanveer et al. (2004) , Ali et al. (2013) , Chinnusamy et al. (2013) and Hameed et al. (2017) . S-metolachlor and metolachlor+pendimethalin have similar expenses but S-metolachlor gave seven times more return as it offered Rs.47638 ha ) was recorded from Smetolachlor+pendimethalin (Table-4 ). The higher economic returns from Smetolachlor was mainly from higher additional yield.
CONCLUSIONS
From pre-emergence, the pendimethalin and S-metolachlor provided higher broad leaves and grass weed control at 30. However, glyphosate provided higher weed control at 60 DAP among postemergence herbicides. The maximum seed cotton yield, and economic returns were obtained from pre-emergence application of S-metolachlor. The results also indicated that pre-emergence herbicides were found to be more important for weed management in cotton production and cannot be substituted with-the post emergence herbicides in term of yield increase. 
